SUMMARY Twenty nine patients (19 male, mean (SD) age 6-25 (0 5) years (range 0 16-15 years))with typical pulmonary valve stenosis were treated by balloon dilatation of the pulmonary valve. They were studied by echocardiography before the procedure, immediately after it, and at follow up (mean (SD) 10-2 (5 6) months, n= 18). The morphology of the pulmonary valve, the right ventricular-pulmonary artery gradient, and ratio of the systolic to diastolic endocardial dimensions (infundibular ratio) were examined. No patient had pulmonary regurgitation before the study. The valve gradient was significantly reduced (47%) from a mean (SD) of 72 (31) to 37 (23) mm Hg with no short term change in cardiac index after dilatation with a balloon with a mean (SD) diameter that was 118 (10-8)% of the valve annulus. The infundibular ratio was unchanged by the procedure (0 49 (0-11) (n = 21) before dilatation and 0A47 (0 14) (n = 16) after dilatation). In twenty seven patients the commissure of the pulmonary valve was seen to be tom after dilatation. Two patients with bicuspid valves had flail leaflets. Doppler examination at follow up showed mild pulmonary insufficiency in all 29 patients; the mean (SD) valve gradient (31 (± 21) mm Hg) at follow up was no different from the gradient found immediately after the procedure and infundibular ratio (0-58 (0-15) was not abnormal.
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These data indicate that commissural tears are the primary mechanism of valve disruption and demonstrate that the dynamic right ventricular outflow tract obstruction relaxes and gradient reduction persists at follow up.
Percutaneous pulmonary valvotomy was first described by Rubio all patients (30-32-4043 kPa) but this was abandoned in the 24 hours of later 25 patients because maximal intraballoon presIz mechanical sures were rarely achieved.7 Right ventricular and ,Ultramark 8 femoral artery pressures were monitored throughnc., Bellevue, out the dilatation procedure. Right ventricular-7020A) ultra-pulmonary artery pressures were measured ulsed or con-immediately upon withdrawal ofthe balloon catheter Lard and high and were observed for 15 to 20 minutes before cartinely used to diac output measurements and biplane right ventricnnulus, and ular axial angiography were repeated. Morphology of right ventricular outflow tract after balloon valvotomy an echocardiographically determined infundibular ratio was measured before cardiac catheterisation from the short axis view at the base of the heart between pulmonary and tricuspid valves at end systole and diastole. The infundibular ratio in 10 patients with normal cardiac anatomy was 0*63 (0 16). Angiograms complicated by extrasystoles or echocardiograms of poor resolution were not used in data analysis.
Two patients required a second intracardiac study and valvotomy at 9 and 16 months because haemodynamically important right ventricular outflow tract obstruction recurred. Two other patients needed subsequent surgical repair because of fixed fibromuscular and subpulmonary obstruction and both required an outflow tract patch; one of these patients has been reported in detail elsewhere.9 A third patient with fixed obstruction is awaiting surgical repair. One patient had undergone a surgical pulmonary valvotomy three months before balloon dilatation of the valve.
STATISTICAL ANALYSIS
Data are presented as mean (1 SD). Statistical significance was determined by the two tailed t test for paired data. Individual patient data are available from the authors upon request.
Results

ECHOCARDIOGRAPHIC DATA BEFORE BALLOON DILATATION
In all but two patients commissural fusion of a tricuspid pulmonary valve was identified as the mechanism of stenosis'5 ( fig 1) . Doppler study did not show evidence of pulmonary regurgitation in any patient. The echocardiogram predicted the angiographic pulmonary annulus as: angiographic annulus (mm) = 1-04 (echographic annulus (mm))-1-03; r = 0-87; SEE = 1 1; n = 20. The mean (SD) pulmonary valve gradient in the unsedated resting patients before catheterisation was 66-1 (16-7) (range 39 to 100 mm Hg).
RESULTS IMMEDIATELY BEFORE AND IMMEDIATELY AFTER VALVOTOMY
The mean (1 SD) (fig 1) . Similarly, the ratio of right ventricular pressure to systemic arterial pressure fell by 59% from 0-85 (0-26)% (range 0-47 to 1-51%) to 0 50 (0 25)% (range 0-16 to 1-30%).
The pulmonary valves were dilated with balloons that were on average 17-5 (3-4) mm in diameter and 118 (10-8)% of the annulus size. There was no change in the angiographically measured size of the annulus after dilatation. Mean cardiac index was 3-98 (1-06) 1/min/m2 and there was no significant change after dilatation (4-29 (1-21) 1/minim2, n = 12). The infundibular ratio was measured by angiography (0-42 (0 11), n = 30) and echocardiography (0-49 (0-11), n = 21) before dilatation. There was no significant difference in either (0-41 (0-1), n = 30; and 0-47 (0.14), n = 16 respectively) after dilatation. After catheterisation, when the child was unsedated and resting, the echocardiographic pulmonary valve gradient was 53% lower (34 (18) mm Hg) (range 8 to 80, n = 27) than before the procedure (p < 0-001) (fig 1) .
In all patients there was a dynamic infundibular component to the right ventricular obstruction as shown by the replay of the lateral right ventricular angiogram, and in three patients there was a fixed obstructive element. We identified commissural tears in all patients who had trileaflet valves shown by cross sectional echocardiography. Tears were seen in one or two commissures and occasionally extended to the margin of the valve annulus (fig 2) . In the two patients with bicuspid valves the valve leaflet tissue was ruptured and in both there was a non-competent flailed valve. Two patients had a second valvotomy with balloons that were 115% of the valve ring diameter. In one the gradient fell from 54 to 18 mm Hg and this fall was maintained at six month follow up. In the second child, however, the gradient at follow up was unchanged (81 mm Hg) and there was angiographic and echocardiographic evidence of subvalvar obstruction that did not resolve over a 12 month period. This child had surgical repair with an infundibular patch and surgical valvotomy. The valve leaflets were bicuspid and markedly thickened with a 9 mm orifice and fused commissures. There was no evidence of valve disruption caused by balloon dilatation. 19 Angiographic examination after dilatation in most patients demonstrated improved valve leaflet mobility of only a single leaflet, with the continued presence of a "contrast jet", albeit wider than before the procedure, and doming of the adjacent leaflets implying persistence of fusion of the valve commissures (P Burrows, personal communication). Two of our patients had bicuspid valves and in these patients balloon valvotomy resulted in flail, non-supported valve mechanisms and regurgitation as previously reported by Lababidi and Wu.5 We can only speculate about the reasons for this finding. There may be an intrinsic abnormality in the valve-annulus attachments or perhaps a bicuspid valve is more vulnerable to stress, because the area ofthe valve leaflet is larger. Alternatively, the action of the heart on the balloon may result in a shearing motion that disrupts the valve attachments to the ring. All these elements could be operating to varying degrees.
The data from our series suggest that a dynamic obstruction of the subpulmonary outflow tract is a frequent component of pulmonary valve stenosis. This may persist after the procedure7 17 
